Study Design: Descriptive cases series. Purpose: To evaluate clinical findings and results of conventional surgery in patients with spinal osteoid osteoma (OO). Overview of Literature: OO is a rare benign tumor with spinal involvement rate of about 10%-20%. Methods: This descriptive study was conducted on 19 patients (11 males and 8 females with an average age of 19.8 years) with documented histopathological and imaging findings of OO referred to a university hospital. Neurologic symptoms and pain were scored before and after the open surgical excision. Data were analyzed by SPSS ver. 16 software using chi-square and significance level of 0.05. Results: The most common complaint was back or neck pain (84.2%) and in 68.4% spinal deformity (mostly scoliosis) shown with an average cobb angle of 21° at presentation. The sites of involvement were 35% in the lumbar, 35% in the thoracic, 25% in the cervical, and 5% in the sacrum. Lamina was the most common site (50%) of involvement with predilection for the right side (p=0.001). All patients were treated by conventional surgical excision with a complete recovery of pain and deformity. No recurrence occurred after a mean follow up of 44.5 months, but 4 of 19 cases instrumented because of induced instability. In one case there were two levels of involvement (C7-T1) simultaneously. Interestingly, 10 out of 19 of our cases belonged to a specific race (Bakhtiari). Conclusions: Surgical intra-lesional curettage is potentially an effective method without any recurrence, which can lead to spontaneous scoliosis recovery and pain relief. Race may be a potential risk factor for spinal (OO). 
Introduction
Osteoid osteoma (OO) is a primary benign bone lesion that was first described by Jaffe [1] in 1935. He has again proposed the new term of benign osteoblastoma in 1956 [2] .
OO accounts contributes for approximately 12% of benign skeletal neoplasms arising in the cortical bone especially in long bones, and spinal involvement of 10%-20%. In some papers up to 40% spinal involvement has been reported [3, 4] .
It can develop in any area of spinal column but, mainly involves the lumbar spine with predilection for posterior elements in 75% of cases especially lamina or sectors of 2-4 and 9-11 in Weinstein-Boriani-Biagini (WBB) classification ( Fig. 1) [5, 6] . Pars interarticularis is the most common (73%) site of involvement [5] .
Most of the cases occur in the second decade of age, but variation spans from the first to fourth decade with a male to female predominance of 2:1 [7, 8] .
Although it was claimed that OO is a solitary lesion, there is some evidence that shows the possibility of multilevel involvement in this tumor. As we reported previously two level involvements were seen in an18 years old boy (Fig. 2) [9] .
The most common clinical symptom reported is (night) pain (up to 80%-100%), which is induced by nidus prostaglandin/prostacyclin production [10] [11] [12] .
Painful scoliosis is a common presentation (63%-70%) of spinal OO [13] which is due to soft tissue and muscle irritation and finally induced asymmetrical spasm [14] . Plain X-rays are not usually sufficient to determine the lesion, but Technetium-99 bone scan remains the most sensitive tool for localization with only one reported false negative in the literature [15] .
Computed tomography (CT) scan, magnetic resonance imaging (not always indicated) and recently (Technetium-99m methylene diphosphonate single-photon Fig. 1 . Weinstein-Boriani-Biagini (WBB) staging of the spine tumor. Sector 2-4, 35%; Sector 5-8, 5%; Sector 9-11, 60%; Sector 1-12, 0%. Reprinted from Eck and DiPaola [6] . A B emission tomography/CT) scan have great value for both diagnostic and therapeutic considerations [16] [17] [18] (Fig. 3) . Conventionally, medical treatment of pain has been considered the first management option in OO. Positive response to nonsteroidal anti-inflammatory drugs especially aspirin is reported in 14%-90% of cases [12, 19] .
Surgery is the most common definitive method of treatment for spinal OO with a good prognosis for pain relief if total nidus excision could be done. Accepted indications for surgery are persistent pain or spinal deformity and rarely, neural deficit [20, 21] .
Recently percutaneous radiofrequency thermal ablation and laser coagulation have been introduced as a minimally invasive treatment and is supported by some literature [22] [23] [24] .
The aim of our study was to review the results of treatment of spinal OO cases from 2004 to 2012. The study describes clinical findings and outcomes of conventional open surgery in this case series.
Materials and Methods
For the purpose of this study, 19 patients (20 vertebral lesions) were retrospectively evaluated after confirmation by the of Isfahan University of Medical Sciences ethnic committee.
The office charts and hospital files from orthopedic spinal surgery and neurosurgery departments were evaluated first. All available data for all patients (from 3 surgeons) with histopathologically confirmed diagnosis of OO from February 2004 to August 2012 that underwent surgical treatment, were collected. Hospital history and physical examination reports, imaging findings, operative room notes and finally office follow up notes were reviewed for assessment and analysis.
Exclusion criteria included any pathologic report except OO and CT scan nidus size >1.5 cm.
Pain and scoliosis and their relevant parameters were especially mentioned and evaluated. Data were analyzed by SPSS ver. 16 (SPSS Inc., Chicago, IL, USA) software using descriptive statistics, frequency distribution and chisquare test (considering significance level as p<0.05).
Results
There were 19 cases operated by conventional open surgery. The average follow up length was 44.5 months (range, 9-115 months).
One of our cases had two levels of OOs (C7 and T1), that presented as a case report previously [9] .
There were 11 males (58%) and 8 females (42%) with a mean age of 19.8 years (range, 8-38 years) ( Table 1) . Our findings are presented in Tables 1-6 .
The most important complaint was pain in 16 of 19 cases (84.2%). Only 7 patients had radicular pain pattern (37%). Temporally pain relief with aspirin was detected in A B 
of 16 cases (44%).
Coronal deformities including scoliosis and torticollis were detected in 13 of 19 cases (68.5%) with an average Cobb angle of 21° (range, 10°-36°). Only 3 of 13 cases (23%) with coronal deformities had no or very light pain (visual analogue scale [VAS]<4). There was no case with neural deficit (Table 2) .
Although there were more cases in the lumbar and thoracic regions, there was no statistically significant difference between different regions of the spine (p>0.05) ( Table 3) .
The most common location for vertebral lesion was the lamina (including pars interarticularis) and the least location was the spinous process (chi square test, p=0.001) ( Table 4) .
Considering WBB classification, there was statistically a significant difference between the sectors (p<0.001) with, more preponderance for the right side ( Table 5) .
All of the patients were treated by open intra-lesional excision, 18 cases with the posterior and one with the anterior approaches. Overall, in four cases, instrumentation and fusion were done. Two cases due to facet resection, one due to anterior corpectomy and the last one due to misdiagnos. The misdiagnosed case (Tables 1, 2 ; No. 12) was a 13-year-old girl with a previous (9 months before presentation) history of trauma whose painful curve was treated as an '' idiopathic and progressive scoliosis'' . But in subsequent follow-ups, L3 OO was recognized as a true diagnosis and finally reoperation was done. This case had the biggest curve in our patients with 36° Cobb angle. In all cases (except the misdiagnosed patient) pain dramatically disappeared within an average of 1.6 days (range, 1-6 days). No recurrence was found in our final follow ups (Table 6 ).
Our single complication was in the misdiagnosed patient with hook dislodgement that required surgery for the third time and revision. Mismanaged case. Mismanaged case. 
Discussion
The goal of OO surgery is to remove the nidus entirely without causing pathologic fracture, especially facets and pedicles or disrupting the adjacent uninvolved tissues [25] . Surgical intra-lesional excision has been the commonly accepted treatment for a long time [26, 27] .
At present, laser photocoagulation and percutaneous radiofrequency coagulation techniques are more popular treatments for OO outside the spine [5] .
Recently, micro endoscopic technique, percutaneous tunnel surgery and curettage using a navigation system have been described as minimally invasive treatments, which need steep learning curves, education and equipment [5, 25, 28] .
The average age of our patients was 19.8 years and the male to female ratio was about 3:2 (58% vs. 42%). These results are similar to other studies [11, 12] . A review of literature showed OO located in the thoracic spine and particularly in the vertebral body to be uncommon [22] .
Gasbarrini et al. [5] showed a little difference in distribution of pathologic levels in a study of 81 cases with 28 in the lumbar, 27 in the thoracic and 26 in the cervical regions.
Other studies indicate the thoracic region as the least and the lumbar as the most common locations [18] .
Saifuddin et al. [29] reported that the thoracic and lumbar regions are the most common sites of involvement.
Our study showed the lumbar and thoracic involvements with similar distributions (7 and 7 of 19 cases) with T11 and (L3-L4) being the most prevalent locations. As mentioned in other studies [3, 11, 12] , we propose that the thoracolumbar and lumbar regions are the most common locations of involvement. Considering each vertebra, the most commonly affected location of involvement has been reported as the neural arch in 75% of cases with distributions of 33% in the lamina, 20% in the articular facets and 15% involvement of the pedicle [22, 24] . Gasbarrini et al. [5] reported only 22% of cases in sectors 5-8 (equivalent to the body) and the greatest majority of cases were in sectors 2-4 and 9-11.
Our results showed that the most common locations of involvement were the lamina equivalent to sectors 2-4 (35%) and 9-11 (60%) of WBB classification.
In our study, there was more preponderance to involvement of the right side (60%) versus the left side (35%) and the rest were in the midline (p=0.001). Also, pain was the most prominent complaint in our cases (84.2%) with 62.5% of them reporting nocturnal exacerbation and sleep disturbance.
Only 37.5% of our cases had radicular pain, which is similar to other reports, but a study conducted by Pourfeizi et al. [30] reported that pain was not the most common complaint. In the other words, scoliosis was the most common complaint because 45% of their patients did not have severe enough pain to seek treatment.
The reported duration of pain is up to 68 months [5] , but the average in several studies is about 15 to 20 months [4, 11, 12] . In our study duration of pain was from 4 to 56 months with an average of 15.1 months.
Considering this long period of time before accurate diagnosis, practitioners need to be aware of the possibility of OO in persistent and resistant cases of spinal pain especially when associated with deformity.
Spinal OO misdiagnosis is reported to be as high as 54.5% [30] . We only had one case of misdiagnosis and the patient underwent surgery three times to become pain free. Positive response to aspirin in our study was 43.7% (7 of 16 painful cases) but a range of 14%-90% has been reported [10] [11] [12] .
Scoliosis especially the painful type, has been reported in 63%-70% of spinal OO [22, 23, 26] , which may not spontaneously resolve if the lesion is left for more than 9-15 months [14] . Although lesions have been reported to be in concave side of deformity in almost all cases including ours, Saifuddin et al. [29] reported 3 cases of In all of them, the lesions were on the concave side. Only 3 out of 12 (25%) cases of patients with scoliosis had mild pain (VAS≤3). All curves resolved and responded to primary surgery in an average of 8 months in scoliotic patients and 3 months for torticollis patient. A review of other studies shows that with modern surgical techniques, complete nidus resection was achieved in most (>90%) cases [2, 12] .
The reported recurrence rate of spinal OO is only 4.5% [3] -5% [5] . We did not have any recurrence or neurologic deficit after surgical excision which is similar to many but not all of the previous studies [26] .
Instability and fusion are issues that have been reported for 20%-50% of patients that underwent surgical OO excision [2] , but Gasbarrini et al. [5] reported that only 5 of their 81 cases needed instrumentation and fusion. Fusion and instrumentation was done in 4 of our 19 cases (21%).
Finally, an interesting finding in our study was a great relationship between spinal OO and one of our specific country races (Bakhtiari) with 10 of our 19 patients belonging to this population. This race lives in the high attitude Zagros Mountains. As far as we know, the role of race has not yet been mentioned in the literature.
Low number of cases in comparison with some other studies like Gasbarrini et al. [5] , is one of our study limitations and this may be responsible for some of our results like tumor right sided predilection and no recurrences.
Conclusions
Surgical intra-lesional curettage is potentially an effective method without any recurrence, which can lead to spontaneous scoliosis recovery and pain relief. Race, may be a potential risk factor for spinal OO.
